Abstract This paper designs an intelligent video surveillance system based on the particle filter. In the design, the adaptive Gaussian mixture model is applied to construct the background model. Utilizing the Gaussian mixture background model, the moving objects can be detected by background subtraction. For the moving objects appearing in the margin of the video frame, it is considered as a new unit (person). For the new considered unit, a new particle filter is established and designated to track the new unit. Once the tracked unit leaves the video frame, the corresponding particle filter will be terminated. Moreover, the Kalman filter is applied to track the units when they are occluded. By tracking the units in the video frame , we can obtain some important information, e.g. the number of persons in the area (or having been in the area), hot spots, etc.
I. INTRODUCTION
Nowadays it is cheap to mount cameras for capturing video imagery. However, it is expensive to hire persons to sit and monitor the imagery. Therefore, intelligent video surveillance (IVS) systems have become more and more important in commercial sector and have attracted a lot of attention in research area as well [1] - [2] .
IVS system can be defined as the real-time monitoring both persistent and transient object within a specific environment. IVS is also referred to as video analytics (VA) which involves the use of software to automatically detect the objects of specific interested and analyze their behaviors. For finding the objects of interest, it is usually done by detecting the movements or changes in the image that can be achieved by background subtraction technic. To do background subtraction, an effective way to build up the background is the Gaussian mixture model [3] - [4] . After the objects of interest is detected, the goal is to analyze their behavior that sometimes can be done by tracking them. For object tracking, particle filter has been proven to be very successful [5] . In the tracking process, the tracking may fail when the tracking object is occluded. In this case, the Kalman filter is a good solution to estimate the states of occluded object [6] . The aim of this paper is to design a IVS system based on the particle filter. In the design, the Gaussian mixture background model is applied to detect moving objects by background subtraction. For the moving objects appearing in the margin of the video frame, it is considered as a new unit (person). After that, the particle filter is established to track the new considered unit. Once the tracked unit leaves the video frame, the corresponding particle filter will be terminated to save the computational loading. Moreover, the Kalman filter is applied to estimate the states (positions) of units when they are occluded. By analyzing the paths of tracked units, the IVS system can obtain some important information e.g. the number of persons in the area (or having been in the area), hot spots, etc.
II. PRELIMINARY
This section presents three well-known techniques, i.e. adaptive Gaussian mixture model, particle filter and Kalman filter, for constructing the IVS system.
A. Adaptive Gaussian Mixture Model
The recent history of each pixel, , is modeled by a mixture of K Gaussian distributions. The probability of observing the current pixel value is given as the following equation [3] : (1) where K is the number of distributions, is an estimate of the weight of the ith Gaussian in the mixture at time t, is the mean value of the ith Gaussian in the mixture at time t, is the covariance matrix of the ith Gaussian in the mixture at time t, and is a Gaussian probability density function .
(
The updating rules for the parameters of the adaptive Gaussian mixture model can be found in [4] . After the Gaussian mixture model is established, the foreground pixels (representing the moving objects) can be obtained by applying the Mahalanobis distance
B. Particle filter The key idea of particle filtering is to approximate the probability distribution by a weighted sample set [5] :
. Each sample consists of an element s which represents the hypothetical state of the object and a corresponding discrete sampling probability where . The evolution of the sample set is calculated by propagating each sample -- 
Particle filter provides a robust tracking framework.
C. Kalman filter
The Kalman filter [7] addresses the general problem of trying to estimate the state of a discrete-time controlled process that is governed by the linear stochastic difference equation (5) with measurement equation (6) where is the state vector; is the transition matrix; is the process noise;
is the measurement output; is the output matrix and is the measurement noise. We define to be the a priori state estimate at step , and to be the a posteriori state estimate. We can then define to be a priori estimate error, and to be the a posteriori estimate error. The a priori estimate error covariance is then (7) and the a posteriori estimate error covariance is .
The equations for the Kalman filter fall into two groups: time update (predictor) equations and measurement update (corrector) equations. The time update equations are given as
.
The measurement update equations are given as
(13) Figure 1 shows the operation architecture of Kalman filter. 
III. IVS SYSTEM DESIGN
This section presents the design of the IVS system design. In the design, the adaptive Gaussian mixture model is applied for the construction of the background model to detect moving objects. For the moving objects appearing in the margin of the video frame, it is considered as a new unit (person), and a new particle filter is established and designated to track the new unit. Moreover, the Kalman filter is applied to correct the position obtaining by the particle filter and to estimate the position of unit during occlusion. By analyzing the tracking paths, the information of the number of persons in the area, the number of persons having been in the area and hot spots can be obtained. Finally, the information is fed back to the user by the user interface. The operation process of the IVS system is shown in the Fig. 2 . The design of each block will be illustrated in the following subsections.
A. Gaussian Mixture Model for Detecting New Units
By Gaussian mixture background model and the moving objects can be detected by background subtraction. For a moving object in the margin of the video frame, we need to determine it is a new unit (person) or not. In the case of no tracked unit, the moving object in the margin of the video frame is determined to be a new unit. In the case with tracked units, we need to calculate the distances between the detected object and tracked units. If the distances are all longer than a predefined threshold , the detected object is determined to be a new unit. If some distances are shorter than , we need to apply (14) to calculate the similarities of color distribution between the detected object and the tracked units with distance shorter than . If all similarities are lower than a predefined threshold , the detected object is determined to be a new unit. 
B. Particle Filter for Tracking Units
In the design, the target model is the color distribution which is represented by histograms calculated in the HS (V is ignored) space using bins. A popular measure between two distributions is the Bhattacharyya coefficient. Considering discrete densities such as two color histograms and , the coefficient is defined as .
The larger is, the more similar the distributions are. For two identical histograms we obtain , indicating a perfect match. The target region is represented by a rectangle so that a sample is given as (15) where represent the location of the rectangle; and are the width and length of the rectangle respectively. The sample set is propagated through the application of a dynamic model (16) where is an identity matrix and is a random vector drawn from the noise distribution of the system. Assuming that the target histogram is and the histogram of the sample is , the observation probability of each sample is given as .
The tracking result can be calculate by Eq. (4). During filtering, samples with a high weight may be chosen several times, leading to identical copies, while others with relatively low weights may not be chosen at all.
C. Kalman Filter for Correcting and Estimation positions
In the design, we consider the uniform linear movement. Hence the linear stochastic difference equation is given as ,
and the measurement equation is given as ,
where and represent the speeds on and directions respectively. In the measurement update equation (12), the measurement is obtained from the tracking result of the particle filter.
For improving the tracking results of particle filter, the estimate speeds , of the Kalman filter are added to the position of each sample of the particle filter When the object is occluded that is all the similarity between samples of particle filter and the target are lower than lower than a predefined threshold , the Kalman filter will not use the measurement correction and will only take the filter prediction as object position.
IV. EXPERIMENT RESULTS
The experiment is done in the San Shia Campus of National Taipei University. Figure3 illustrates the operation process of the IVS system. In Fig. 3 , the up left frame is the original image; the up right frame is the back ground subtraction binary image applying Gaussian Mixture Model; the left down frame shows the tracking result by applying particle filter (green rectangle) and the result corrected by Kalman filter (white rectangle), and the right down frame is the final tracking result. Figure 4 shows the user interface which shows the tracking result, hot spot analysis, persons in the frame and persons have been in the frame. This paper has designed an intelligent video surveillance system based on the particle filter. Utilizing the Gaussian mixture background model, the moving objects appearing in the margin of the video frame can be detected and considered as a new unit (person). For the new considered unit, a new particle filter is established and designated to track the new unit. Moreover, the Kalman filter is applied to correct the tracking result and estimate the positions when units are occluded. By analyzing the tracking paths, the information of the number of persons in the area, the number of persons having been in the area and hot spots can be obtained. Finally, the information is fed back to the user by the user interface.
